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Learning Objectives

• By the end of this presentation, you will be able to understand: 

– how to estimate soil moisture from RADARSAT-2 data

– how to process multi-frequency data for use in crop classification

https://arset.gsfc.nasa.gov/
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SNAP: Sentinel’s Application Platform

• ESA SNAP is the free and open-source toolbox for processing and analyzing ESA 

and 3rd part EO satellite image data

• You can download the latest installers for SNAP from: 

– http://step.esa.int/main/download/snap-download/

https://arset.gsfc.nasa.gov/
http://step.esa.int/main/download/snap-download/


Estimating Soil Moisture from RADARSAT-2 Data
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RADARSAT-2

RADARSAT-2 SAR Beam Modes – Revisit time: 24 days
Image Credits: MDA RADARSAT-2 Product Description

https://arset.gsfc.nasa.gov/
https://mdacorporation.com/docs/default-source/technical-documents/geospatial-services/52-1238_rs2_product_description.pdf?sfvrsn=10
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Pre-Processing RADARSAT-2 Data with SNAP

Read Calibration
Speckle 

Filter
Terrain 

Correction
Write

Extract Backscatter

https://arset.gsfc.nasa.gov/
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Pre-Processing RADARSAT-2 Data with SNAP

• RADARSAT-2 Wide Fine Quad-Pol single 

look complex(SLC) product:

– Nominal Resolution: 5.2m (Range) * 

7.6 m (Azimuth)

– Nominal Scene Size: 50 Km (Range) * 

25 Km (Azimuth)

– Quad (HH, HV,VH and VV) 

polarizations + phase

– Slant range single look complex, 

contains both amplitude and phase 

information

Read Image

RADARSAT-2 Wide Fine Quad-Pol FQ16W descending 

SLC data acquired on May 12, 2016, over Carman, 

Manitoba, Canada 

https://arset.gsfc.nasa.gov/
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Pre-Processing RADARSAT-2 Data with SNAP

Calibration: Convert Pixel Values to Radar Backscatter

https://arset.gsfc.nasa.gov/


9NASA’s Applied Remote Sensing Training Program

Speckle Filtering

• Speckle filtering is not an 

exact science → image 

and target dependent

• An ideal speckle filter will:

– reduce speckle

– preserve edge sharpness

– preserve line and point 

target contrast

– retain mean values in 

homogeneous regions

– retain texture information

Speckle 
Filtering

Adaptive 
Filtering

Lee

Frost

Gamma-Map

Multi-Temporal

Intensity Drive Adaptive 
Neighborhood (IDAN)

Refined Lee

Lee Sigma

Non-
Adaptive 
Filtering

Mean

Median

Mode

https://arset.gsfc.nasa.gov/
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Pre-Processing RADARSAT-2 Data with SNAP

Speckle Filter – 5 by 5 Gamma Map

https://arset.gsfc.nasa.gov/
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Pre-Processing RADARSAT-2 Data with SNAP

Terrain Correction

https://arset.gsfc.nasa.gov/
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Pre-Processing RADARSAT-2 Data with SNAP

RapidEye natural color image 

acquired on July 4, 2016

RGB color composite of 

RADARSAT-2 image acquired 

May 12, 2016

(R=HH, G=HV, B=VV)

https://arset.gsfc.nasa.gov/
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Pre-Processing RADARSAT-2 Data with SNAP

• Graph builder: used for batch processing and customized processing chains

https://arset.gsfc.nasa.gov/
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Physical Modeling Approach for Soil Moisture Estimation

RADARSAT-2 Data Output and ValidationData Processing

Radar Data 

(HH and VV Backscatter)

(Radar Angle)

Soils Data

(Clay and Sand Fractions)

SNAP Soil Moisture Tool Box

• Uses Integral Equation Model 

(IDEM)

• No a priori information is 

needed

• Soil moisture is retrieved using 

only SAR data (backscatter 

and incidence angle) Image Source: Merzouki

and McNairn, 2015

https://arset.gsfc.nasa.gov/
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Backscatter Model Inversion Schemes

One Image

Acquired at incidence angle θ1 with 

HH and VV polarizations (HHθ1, VV θ1)
Calibrated IEM

Multi-polarization inversion

HHθ1 & VVθ1

Two Images

Acquired at different incidence angles 

(θ1 & θ2) with HH or VV polarizations
Calibrated IEM

Multi-angles inversion

HHθ1 – HHθ2

VVθ1 – VVθ2

Two Images

Acquired at different incidence angles 

(θ1 & θ2) with HH and VV polarizations
IEM

Hybrid inversion

HHθ1 – VVθ1 – HHθ2

HHθ1 – VVθ1 – VVθ2

HHθ2 – VVθ2 – HHθ1

HHθ2 – VVθ2 – VVθ1

HHθ1 – VVθ1 – HHθ2 – VVθ2

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

• Soil moisture map derived from one a.m. RADARSAT-2 acquisition and one p.m. 

RADARSAT-2 acquisition, 12 hours apart

2016-05-12 RADARSAT-2 Acquisition Pair (FQ16-FQ2)

Image acquired on May 12, 2016, 
FQ16W Descending pass

Image acquired on May 13, 2016, 
FQ2W Ascending pass

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

• using a hybrid inversion approach, the inversion method is performed on the 

overlapping geographic area

Read Calibration Speckle Filter Terrain Correction

Read (2) Calibration (2) Speckle Filter (2) Terrain Correction (2)

CreateStack

AddLandCover

Sm-Dielectric-Modeling

Land-Cover-Mask

Write

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

• Spatial alignment of images acquired in the 

morning and evening

• Create Stack: 

1. Resampling Type: Bilinear Interpolation

2. Click Find Optimal Master

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

IEM Hybrid Inversion

1. Select calibrated IEM LUT

2. Use the default setting for the other parameters

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

Add Land Cover

1. Select the land cover file

2. Select sand and clay fractions maps

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

SM Dielectric Modeling:

1. Select Hallikainen mixture model

2. Use the default values for the other parameters

The Haillkainen model was used to estimate the 

volumetric soil moisture, which is based on retrieved 

dielectric values. This model requires the soil texture 

information (clay and sand fractions) 

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

Land Cover Mask

1. Select land cover valid agriculture classes

2. Check Exclude all other bands

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

Write Output

1. Browse and name the output file

2. Select the appropriate format for the retrieved 

soil moisture product

3. Run the module

https://arset.gsfc.nasa.gov/
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP –

Hybrid Scheme

Soil moisture map obtained by inverting the IEM and using a pair of RADARSAT-2 images 

acquired May 12/13, 2016, in Southern Manitoba

https://arset.gsfc.nasa.gov/


Processing Multi-Frequency Data for Use in 

Crop Classification
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TerraSAR-X

Image Credits: DLR

Overview of the TerraSAR-X Scanning Modes - Revisit time: 11 days

https://arset.gsfc.nasa.gov/
https://www.dlr.de/dlr/en/desktopdefault.aspx/tabid-10382/570_read-431/#/gallery/356
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TerraSAR-X StripMap Dual Pol Data

TerraSAR-X StripMap dual polarization Multi-

Look Ground Range Detected (MGD) product

• Nominal Resolution: 1.2 m (range) * 6.6 m 

(azimuth)

• Nominal Scene Size: 15 km (range) * 50 km 

(azimuth)

• Dual Polarization: HH&VV, HH&HV, or VV and 

HH

TerraSAR-X StripMap dual pol MGD data 

acquired on July 27, 2016, over Carman, 

Manitoba, Canada

https://arset.gsfc.nasa.gov/
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Pre-Processing RADARSAT-2 Data with SNAP

Read Calibration
Speckle 

Filter
Terrain 

Correction
Write

Extract Backscatter

https://arset.gsfc.nasa.gov/
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Pre-Processing TerraSAR-X Data with SNAP

Graph Builder

• Import the data

• Calibrate pixel value to radar backscatter

• Gamma map filtering, 

7 by 7 window size

• Terrain Correction: 

– bilinear interpolation 

resampling

– 5 m pixel spacing

– UTM zone 14 projection

https://arset.gsfc.nasa.gov/
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Sentinel-1

• Coverage

– Sentinel-1consists of two satellites: A 

(2014) and B (2016)

– Each Sentinel-1 satellite has a 12 day 

repeat cycle

– The two satellites offer a 6-day exact 

repeat cycle at the equator in the 

interferometric wide swath mode of 

acquisition

Product Type for IW Mode:

Satellite Image Credit: ESA/ATG medialab

https://arset.gsfc.nasa.gov/
https://www.esa.int/spaceinimages/Images/2014/02/Sentinel-1
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Access Sentinel-1 SAR Data from Vertex

https://vertex.daac.asf.alaska.edu/

https://arset.gsfc.nasa.gov/
https://vertex.daac.asf.alaska.edu/
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Sentinel-1 Ground Range Detected Data

Sentinel-1 IW mode ground range detected 

product:

• Nominal Resolution: 20 m (range) * 22 m 

(azimuth)

• 250 km swatch

• Dual Polarization: HH /HV, or VV/VH

• GRDH: 

– ground range detected

– high resolution

– Multi-Looked: 5 (range)*1 (azimuth) 

– Number of looks and project to ground range

• Phase information is lost Sentinel-1 GRDH dual pol data 

acquired on July 7, 2016, over 

Carman, MB, Canada 

https://arset.gsfc.nasa.gov/
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Pre-Processing Sentinel-1 SAR GRDH Data with SNAP

Extract Backscatter

Read
Apply-Orbit-

File

Calibration 
(DN to 

Backscatter 
Conversion)

Speckle-Filter
Terrain 

Correction

Write

https://arset.gsfc.nasa.gov/
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Apply the Precise Orbit File

• For Sentinel-1: 

– During the acquisition the satellite position is recorded by a Global Navigation Satellite 

System (GNSS)

– To assure fast delivery of Sentinel-1 products orbit information generated by an on-board 

navigation solution are stored within the Sentinel-1 Level-1 products

– The orbit positions are later refined by the Copernicus Precise Orbit Determination (POD) 

Service

– Precise orbit files have less than 5 cm accuracy and are delivered within 20 days after 

data acquisitions

– The accuracy of restituted orbit files is less than 10 cm. The files are available 3 hours after 

data acquisitions

– The orbit information of Sentinel 1 can be downloaded from the ESA website 
(https://qc.sentinel1.eo.esa.int/)

SNAP downloads orbit files and stores these into the folder …/auxdata/Orbits/Sentinel-1/ 

https://www.asf.alaska.edu/sentinel/data/

https://arset.gsfc.nasa.gov/
https://qc.sentinel1.eo.esa.int/
https://www.asf.alaska.edu/sentinel/data/
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Pre-Processing Sentinel-1 SAR GRDH Data with SNAP

Graph Builder

• Import the data

• Apply orbit file

• Calibrate pixel value to 
radar backscatter

• Gamma Map filtering, 3 

by 3 window size

• Terrain Correction: 

– Bilinear interpolation 

resampling

– 30 m pixel spacing

– UTM Zone 14 Projection

https://arset.gsfc.nasa.gov/


36NASA’s Applied Remote Sensing Training Program

Images Feed Into the Classifier

• RADARSAT-2 Wide Fine Quad-Pol images acquired on July 3rd 2016, July 27th  and 

August 20th  2016

• TerraSAR-X StripMap dual pol MGD images acquired on July 26th and August 17th, 

2016

• Sentinel-1 IW mode GRDH images acquired on July 13th, July 7th and July 31th, 

2016

https://arset.gsfc.nasa.gov/
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TerraSAR-X StripMap
dual pol MGD images 
acquired on Jul 26 
and Aug 7, 2016

RADARSAT-2 Wide Fine 
Quad-Pol images 
acquired on Jul 3, Jul 
27, and Aug 20, 2016

Sentinel-1 IW mode 
GRDH images 
acquired on Jul 13, Jul 
7, and Jul 31, 2016

https://arset.gsfc.nasa.gov/
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Subset Raster to AOI

• Go to Raster Menu >> 

Subset:

a) Spatial Subset tab → 

enter the upper left and 

lower right coordinate 

under geo coordinates

b) Band Subset → select 

bands you wish to 

subset

c) Metadata Subset: 

leave as default

https://arset.gsfc.nasa.gov/
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Co-Registration of Subset Images

• Spatial alignment of images 

• Go to Radar Menu >> Coregistration

>> Coregistration:

a) ProductSet-Reader: Click Plus 

sign with line over top adds all 

open imagery → Click Revolving 

Arrows refreshes metadata 

b) Create Stack: Resampling Type 

→ Bilinear_Interpolation → Click 

Find Optimal Master

c) Other tabs: leave as default; 

ensure Write folder is not over-
writing previous files

d) Click Run and Close window 

when completed

https://arset.gsfc.nasa.gov/
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Exporting Data Stacks Out of SNAP

• Spatial alignment of 

images 

– Go to Radar Menu >> 

File  >> export >> 

select file format .tif

• Can use .tif in R, Python 

etc.

https://arset.gsfc.nasa.gov/

